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$EVWUDFW1 
2 
7KH SHULRGRQWDO SDWKRJHQ Tannerella forsythia H[SUHVVHV VHYHUDO JO\FRVLGDVHV ZKLFK DUH3 
OLQNHGWRVSHFLILFJURZWKUHTXLUHPHQWVDQGDUHLQYROYHGLQWKHLQYDVLRQRIKRVWWLVVXHVĮ/4 
IXFRV\OUHVLGXHVDUHH[SRVHGRQYDULRXVKRVWJO\FRFRQMXJDWHVDQG WKXV WKHĮ/IXFRVLGDVHV5 
SUHGLFWHG LQ WKH T. forsythia $7&& JHQRPH FRXOG SRWHQWLDOO\ VHUYH UROHV LQ KRVW6 
SDWKRJHQLQWHUDFWLRQV:HGHVFULEHWKHPROHFXODUFORQLQJDQGFKDUDFWHUL]DWLRQRIWKHSXWDWLYH7 
IXFRVLGDVH 7I)XF HQFRGHG E\ WKH bfo_2737   Tffuc1 JHQH SUHYLRXVO\ UHSRUWHG WR EH8 
SUHVHQW LQ DQ RXWHU PHPEUDQH SUHSDUDWLRQ ,Q WHUPV RI VHTXHQFH WKLV N'D SURWHLQ LV D9 
PHPEHURIWKHJO\FRV\OK\GURODVHIDPLO\*+8VLQJDQDUWLILFLDOVXEVWUDWHSQLWURSKHQ\O10 
ĮIXFRVH.00WKHHQ]\PHZDVGHWHUPLQHGWRKDYHDS+RSWLPXPRIDQGWREH11 
FRPSHWLWLYHO\LQKLELWHGE\IXFRVHDQGGHR[\IXFRQRMLULP\FLQ7I)XFZDVVKRZQKHUHWREHD12 
XQLTXHĮIXFRVLGDVHWKDWDOVRSRVVHVVHVĮVSHFLILFLW\RQVPDOOXQEUDQFKHGVXEVWUDWHV13 
,WLVDFWLYHRQPXFLQDIWHUVLDOLGDVHFDWDO\VHGUHPRYDORIWHUPLQDOVLDOLFDFLGUHVLGXHVDQGDOVR14 
UHPRYHVIXFRVHIURPEORRGJURXS+)ROORZLQJNQRFNRXWRI WKHTffuc1 JHQHDQGDQDO\VLQJ15 
ELRILOPIRUPDWLRQDQGFHOOLQYDVLRQDGKHVLRQRIWKHPXWDQWLQFRPSDULVRQWRWKHZLOGW\SHLW16 
LVPRVW OLNHO\ WKDW WKHHQ]\PHGRHVQRWDFW H[WUDFHOOXODUO\%LRFKHPLFDOO\ LQWHUHVWLQJDV WKH17 
ILUVWIXFRVLGDVHLQT. forsythiaWREHFKDUDFWHUL]HGWKHELRORJLFDOUROHRI7I)XFPD\ZHOOEH18 
LQ WKHPHWDEROLVPRIVKRUWROLJRVDFFKDULGHVLQWKHSHULSODVP WKHUHE\LQGLUHFWO\FRQWULEXWLQJ19 
WR WKHYLUXOHQFHRI WKLVRUJDQLVP7I)XFLVWKHILUVWJO\FRV\OK\GURODVHLQWKH*+IDPLO\20 
UHSRUWHGWREHDVSHFLILFĮIXFRVLGDVH21 
 22 
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,QWURGXFWLRQ1 
2 
Tannerella forsythia LVD*UDPQHJDWLYHDQDHURELFRUDOSDWKRJHQDPHPEHURIWKHVRFDOOHG3 
³UHG FRPSOH[´ RI EDFWHULD WKDW FDXVH D VHW RI LQIODPPDWRU\ GLVHDVHV QDPHG SHULRGRQWLWLV4 
DIIHFWLQJPLOOLRQVRISHRSOHZRUOGZLGH7KHHIIHFWVRQWKHSHULRGRQWLXPLQFOXGHORVVRIWKH5 
DOYHRODUERQHDURXQGWKHWHHWKVZHOOLQJDQGEOHHGLQJRIWKHJXPDQGLQPRUHVHYHUHFDVHV6 
ORVVRIWHHWK3HULRGRQWLWLVKDVDOVREHHQOLQNHGWRV\VWHPLFLQIODPPDWLRQDQGWRDQLQFUHDVHG7 
ULVNRIVWURNHKHDUWDWWDFNVDQGDWKHURVFOHURVLVDPRQJVWRWKHUV8 
 /LNHRWKHUEDFWHULDUHVLGLQJLQKXPDQKRVWVT. forsythiaKDVDGDSWHGWREHWWHUVXLWLWV9 
QLFKH ZLWK FHOO VXUIDFH JO\FRV\ODWLRQ WKRXJKW WR EH NH\ WR WKLV DGDSWDWLRQ $V SUHYLRXVO\10 
GHVFULEHGT. forsythiaFHOOVDUHFRPSOHWHO\FRYHUHGE\DXQLTXHVXUIDFH6OD\HUIRUPHGE\11 
FRDVVHPEO\ RI WZR GLIIHUHQW SURWHLQV ERWK RI ZKLFK DUH KLJKO\ OJO\FRV\ODWHG ZLWK DQ12 
HTXDOO\ XQLTXH JO\FDQ 0XWDQW VWUDLQV ODFNLQJ HLWKHU WKH 6OD\HU RU JO\FDQ DVVHPEO\ DQG13 
PDWXUDWLRQJHQHVGLVSOD\SKHQRW\SHV LQYROYLQJDOWHUHGKXPDQFHOODWWDFKPHQW WRKRVWFHOOV14 
ELRILOPIRUPDWLRQDQGGLVHDVHSURJUHVVLRQ,QDGGLWLRQWKHVWUXFWXUHRIWKHJO\FDQSDUWLDOO\15 
LPLWDWHV WKDW RI KRVW JO\FRSURWHLQV KDYLQJ D WHUPLQDO VLDOLF DFLGOLNH UHVLGXH SUHFLVHO\ D16 
PRGLILHGSVHXGDPLQLFDFLGUHVLGXHDQGDWHUPLQDOIXFRVHZLWKWKHODWWHUVKRZQWREHSUHVHQW17 
LQVXEVWRLFKLRPHWULFDPRXQWVDQGOLQNHGWRDPHWK\ODWHGJDODFWRVHLQDQXQNQRZQJO\FRVLGLF18 
OLQNDJH7KHJO\FRELRORJ\RIWKLVSDWKRJHQLQFOXGLQJLWVUHSHUWRLUHRIJO\FRVLGDVHVVHHPVWR19 
EHNH\WRLWVSK\VLRORJ\DQGSRWHQWLDOO\LWVSDWKRJHQLFLW\20 
5HFHQWHYLGHQFH VXJJHVWV WKDW IRU VHYHUDOSHULRGRQWDOSDWKRJHQVEXWSDUWLFXODUO\ IRU21 
WKH ³UHG FRPSOH[´ RUJDQLVP T. forsythia VLDOLF DFLGFRQWDLQLQJ KRVW PROHFXOHV SOD\ DQ22 
LPSRUWDQWUROHin vivo7ZRGLIIHUHQWVLDOLGDVHVKDYHEHHQIRXQGLQT. forsythia6LD+,DQG23 
1DQ+,QWKHFDVHRI6LD+,LWVIXQFWLRQLVXQFOHDU,WLVQRWDFDQRQLFDOVLDOLGDVHi.e.,QRWLQ24 
WKH*+IDPLO\DsiaH1PXWDQWKDVQRGLVFHUQLEOHSKHQRW\SHDQGH[SHULPHQWVSRLQWWRLW25 
EHLQJDSHULSODVPLFSURWHLQZLWKRXWDQ\UROHLQH[WUDFHOOXODULQWHUDFWLRQV7KHVHVDPHVWXGLHV26 
 
 
DOVR LQGLFDWHG WKDW PXWDQWV ODFNLQJ WKH PDLQ T. forsythia VLDOLGDVH 1DQ+ KDG KLQGHUHG1 
DWWDFKPHQWDQGLQYDVLRQRIKXPDQRUDOHSLWKHOLDOFHOOV7KHHQ]\PHZDVDOVRVHHQWRSOD\DQ2 
LPSRUWDQWUROHLQELRILOPJURZWKRQVXUIDFHVFRDWHGZLWKVDOLYDU\JO\FRSURWHLQV7KHnanH3 
JHQHLVORFDWHGLQDODUJHFOXVWHUWKDWFRQWDLQVDOOWKHJHQHVUHTXLUHGIRUVLDOLFDFLGFDWDEROLVP4 
ZKLFKLQGLFDWHVWKDWWKHFOHDYHGVLDOLFDFLGFDQDGGLWLRQDOO\EHWDNHQXSDQGXWLOL]HG7KLV5 
JHQH FOXVWHU DOVR FRQWDLQV D ȕKH[RVDPLQLGDVH WKDW PD\ FOHDYH VXEWHUPLQDO UHVLGXHV DIWHU6 
VLDOLGDVH DFWLRQ DQG PD\ DOVR SOD\ D UROH in vivo $GGLWLRQDOO\ LQ D VHSDUDWH VWXG\7 
WUDQVFULSWRPH DQDO\VLV RI WKH RUDO PLFURELRPH DOVR VKRZHG XSUHJXODWLRQ RI WKH VLDOLGDVH8 
nanH P51$LQGHQWDOSODTXH9 
Į/IXFRV\OUHVLGXHVDUH OLNHVLDOLFDFLG IUHTXHQWO\ ORFDWHGDWD WHUPLQDOSRVLWLRQRQ10 
YDULRXV KRVW JO\FRFRQMXJDWHV LQFOXGLQJ EORRG JURXSV PLON ROLJRVDFFKDULGHV JDVWULF DQG11 
VXEPD[LOODU\ PXFLQ DQG VHUXP JO\FRSURWHLQV  7KHUHIRUH IXFRVLGDVHV LQ T. forsythia12 
FRXOGSRWHQWLDOO\SOD\VLPLODUUROHVWRVLDOLGDVHV,WKDVJHQHUDOO\EHHQVKRZQWKDWWHUPLQDO13 
IXFRVHUHVLGXHVSOD\LPSRUWDQWUROHVLQPDPPDOLDQFHOOFHOOFRPPXQLFDWLRQDQGDOVRLQWKHLU14 
LQWHUDFWLRQ ZLWK SDWKRJHQLF EDFWHULD IRU LQVWDQFH Campylobacter jejuni DQG Helicobacter 15 
pylori DUH NQRZQ WR ELQG FHUWDLQ IXFRV\ODWHG EORRG JURXSV e.g., 2DQWLJHQ LQ RUGHU WR16 
PHGLDWH LQIHFWLRQ ,Q DGGLWLRQ WKH DELOLW\ WR XWLOL]H DYDLODEOH IXFRVH SURYLGHV PDQ\17 
EDFWHULD ZLWK D QXWULWLRQDO DGYDQWDJH DQG FRQWULEXWHV WR VXUYLYDO LQ D KLJKO\ FRPSHWLWLYH18 
HFRV\VWHPVXFKDVWKHKXPDQERG\19 
&KDUDFWHUL]DWLRQRIĮ/IXFRVLGDVHVLQT. forsythiaFRXOGDLGLQWKHHOXFLGDWLRQRIWKH20 
VWUXFWXUHIXQFWLRQ UHODWLRQVKLSRI IXFRV\ODWHGKRVW DQGEDFWHULDO VXUIDFHV LQ WKHYLUXOHQFHRI21 
RUDO SDWKRJHQV 7KH JHQRPH RI T. forsythia HQFRGHV WKUHH SXWDWLYH Į/IXFRVLGDVHV22 
%)2B DQG %)2B ERWK FODVVLILHG LQ WKH &$=\ &DUERK\GUDWH $FWLYH HQ=\PHV23 
KWWSZZZFD]\RUJJO\FRV\OK\GURODVHIDPLO\*+DQG%)2BFODVVLILHG LQIDPLO\24 
*+ :KLOH DOO WKUHH HQ]\PHV SRVVHVV D JO\FRV\O K\GURODVH GRPDLQ DQG DUH FODVVLILHG E\25 
&$=\ DFFRUGLQJ WR WKHLU PHFKDQLVP RI DFWLRQ %)2B DQG %)2B DUH QRW VWULFWO\26 
 
 
DQQRWDWHGDVĮ/IXFRVLGDVHVEXWDVD)W\SH&GRPDLQSURWHLQDQGDSXWDWLYHOLSRSURWHLQ1 
UHVSHFWLYHO\2 
+HUHZHGHVFULEHWKHPROHFXODUFORQLQJDQGFKDUDFWHUL]DWLRQRI%)2BZKLFKZH3 
QDPHG7I)XF7KLVSURWHLQKDVSUHYLRXVO\EHHQUHSRUWHGWRIRUPSDUWRIDQRXWHUPHPEUDQH4 
SUHSDUDWLRQRIT. forsythia DQGWKXVZDVDJRRGFDQGLGDWHWREHLQYROYHGLQKRVWSDWKRJHQ5 
LQWHUDFWLRQV7I)XFLVDDPLQRDFLGSURWHLQZLWKDWKHRUHWLFDOS,DQGPROHFXODUPDVVRI6 
DQGN'DUHVSHFWLYHO\,WLVWKHILUVWIXFRVLGDVHLQWKLVRUJDQLVPWREHFKDUDFWHUL]HGWR7 
GDWH 7KH HQ]\PH ZDV VKRZQ KHUH WR EH DQ ĮIXFRVLGDVH DQG DOVR SRVVHVVHV DQ Į8 
VSHFLILFLW\ RQ VPDOO XQEUDQFKHG VXEVWUDWHV ,W LV D SUHGLFWHG SHULSODVPLF SURWHLQ SRVVLEO\9 
SOD\LQJDUROHLQWKHEUHDNGRZQRIVPDOOROLJRVDFFKDULGHV,WLVWRWKHEHVWRIRXUNQRZOHGJH10 
WKHILUVWJO\FRV\OK\GURODVHLQLWVIDPLO\*+UHSRUWHGWREHDVSHFLILFĮIXFRVLGDVH11 
12 
5HVXOWV13 
14 
(Q]\PDWLF FKDUDFWHUL]DWLRQ RI U7I)XF 7KH Tffuc1 JHQH ZDV FORQHG LQWR S(7E15 
YHFWRU DQG H[SUHVVHG LQ E. coli DV D &WHUPLQDOO\ +LVWDJJHG SURWHLQ ZKLFK HQDEOHG16 
SXULILFDWLRQ YLD QLFNHO DIILQLW\ FKURPDWRJUDSK\ )LJ 7KH HQ]\PDWLF DFWLYLW\ ZDV WKHQ17 
WHVWHG XVLQJ WKH VWDQGDUG FRORULPHWULF ĮIXFRVLGDVH VXEVWUDWH QLWURSKHQ\OĮ/18 
IXFRS\UDQRVLGHS13IXFRVHDW&LQDUDQJHRIGLIIHUHQWS+YDOXHVDQGLQWKHSUHVHQFHRI19 
0J&O .&O DQG 1D&O LQ RUGHU WR HVWDEOLVK LWV S+ RSWLPXP DQG FDWLRQ GHSHQGHQFH20 
UHVSHFWLYHO\ %\ VWRSSLQJ WKH UHDFWLRQ ZLWK WKH DGGLWLRQRI DQ DONDOLQHEXIIHU DW S+ LW21 
ZDV HQVXUHG WKDW DOO ZHOOV ZKHUH DW WKH VDPH S+ IRU FRQVHTXHQW DEVRUEDQFH UHDGLQJV 7KH22 
DFWLYLW\RIWKHHQ]\PHZDVVHHQWRVWDUWWRSODWHDXDWWKHQHXWUDOWRDONDOLQHS+UDQJHDQGZDV23 
FRQVLGHUHG PRVW DFWLYH DW S+  DVVD\HG LQ JO\FLQH EXIIHU DQG QRW DW S+  ZKHUH WKH24 
DFWLYLW\VXGGHQO\SHDNVDQG WKHQ UDSLGO\GHFUHDVHV WKHUHDIWHU7KHDFWLYLW\ UHPDLQHG ODUJHO\25 
XQDIIHFWHGE\WKHSUHVHQFHRIFDWLRQVDWWKHWZRFRQFHQWUDWLRQVWHVWHGUHVXOWVQRWVKRZQ7KH26 
 
 
.0 DQG 9PD[ FDWDO\WLF FRQVWDQWV DW & FDOFXODWHG IURP WKH DFWLYLW\ RI WKH HQ]\PH DW1 
GLIIHUHQWS13IXFRVHFRQFHQWUDWLRQVZHUH0DQGPROPLQ8SHUPJRISURWHLQ2 
UHVSHFWLYHO\ 7DEOH 7KH GHWHUPLQHG FDWDO\WLF FRQVWDQWV IRU U7IIXF DUH LQ WKH UDQJH RI3 
WKRVH UHSRUWHGIRURWKHU IXFRVLGDVHVJO\FRV\OK\GURODVHVZKHQ WHVWHGRQ WKHLUFRUUHVSRQGLQJ4 
S13VXEVWUDWHV5 
6 
6XEVWUDWH OLQNDJH VSHFLILFLW\ RI U7I)XF 7R GHWHUPLQH WKH HQ]\PH OLQNDJH VSHFLILFLW\7 
U7I)XF ZDV LQFXEDWHG ZLWK D VHW RI GLIIHUHQW IXFRV\ODWHG VXEVWUDWHV RI GHILQHG VWUXFWXUH8 
UHSUHVHQWLQJDUDQJHRIIXFRVH OLQNDJHVDYDLODEOHRQKRVWJO\FRSURWHLQVDQGRQRUDOVXUIDFHV9 
)LJ7KHUHDFWLRQSURGXFWVREWDLQHGDIWHURYHUQLJKWLQFXEDWLRQZHUHDQDO\VHGXVLQJKLJK10 
S+DQLRQH[FKDQJHFKURPDWRJUDSK\ZLWKSXOVHGDPSHURPHWULFGHWHFWLRQ+3$(&ZKHUHWKH11 
UHOHDVH RI IXFRVH ZDV FRQILUPHG E\ FRPSDULVRQ ZLWK WKH UHWHQWLRQ WLPH RI WKH VWDQGDUG12 
PRQRVDFFKDULGHDQGRIDVXEVWUDWHVWDQGDUGDIWHURYHUQLJKW LQFXEDWLRQDW&7KHHQ]\PH13 
ZDV VHHQ WR EH DFWLYH RQ ERWK Į IXFRVH FRQWDLQLQJ VXEVWUDWHV IXFRV\OODFWRVH DQG +14 
WULVDFFKDULGHDQGRQWKHĮIXFRVHGLVDFFKDULGHĮ/)XFȕ'*OF1$FDOWKRXJKWKLV15 
ODWWHU UHDFWLRQ GLG QRW UHDFK FRPSOHWLRQ LQGLFDWLQJ ZHDN VSHFLILFLW\ IRU WKLV OLQNDJH 7KH16 
Į DQG Į OLQNDJHV ZHUH QRW FOHDYHG RQ IXFRV\OODFWRVH DQG WKH /HZLV $17 
WULVDFFKDULGHUHVSHFWLYHO\7KHHQ]\PHZDVDOVRLQDFWLYHRQWKHVXEVWUDWHĮ/)XFȕ'18 
*DODGGHGDVDVHFRQGGLVDFFKDULGHFRQWURO WRSURYH WKDW WKHĮDFWLYLW\ZDVQRWGXH WR19 
GLIIHUHQFHVLQVXEVWUDWHOHQJWK)LJ20 
 ,QRUGHUWRREWDLQDFFXUDWHDFWLYLW\YDOXHVRQWKHFOHDYHGVXEVWUDWHVWKH.)8&26(21 
NLW IURP0HJD]\PHZDVXVHGFRXSOHG WR WKHHQ]\PDWLF UHDFWLRQZLWK U7I)XF)LUVW)'+22 
ZKLFK DOVR KDV DQ DONDOLQH S+ RSWLPXP DQG 1$'3 ZHUH DGGHG WR WKH VXEVWUDWH VROXWLRQ23 
UHDFWLRQPL[WXUHLQRUGHUWRFRQYHUWDQ\IUHHIXFRVHDOUHDG\SUHVHQWLQWKHVDPSOHWR/IXFRQR24 
ODFWRQHE\WKHUHGXFWLRQRI1$'3WR1$'3+ε P0FPU7I)XFZDVWKHQ25 
DGGHGWRWKHPL[WXUHDQGWKHUHDFWLRQZDVPRQLWRUHGE\IROORZLQJWKHLQFUHDVHLQ$EV7KH26 
 
 
DFWLYLW\ ZDV FDOFXODWHG IURP ZKHUH WKH IRUPDWLRQ RI 1$'3+ ZDV OLQHDU RYHU WLPH 7KH1 
HQ]\PH ZDV PRVW DFWLYH RQ IXFRV\OODFWRVH DQG +WULVDFFKDULGH ZLWK VSHFLILF DFWLYLWLHV RI2 
8PJ DQG 8PJ UHVSHFWLYHO\ 7KH DFWLYLW\ RQ WKH Į GLVDFFKDULGH ZDV3 
VLJQLILFDQWO\ORZHUDW8PJ7DEOH4 
 7KH DFWLYLW\ RI WKH HQ]\PH RQ WKH YDULRXV VXEVWUDWHV FRXOG EH FDOFXODWHG5 
DSSUR[LPDWHO\DVVRPHORVVRIPDWHULDORFFXUUHGGXULQJVDPSOHSUHSDUDWLRQIURPWKH+3/&6 
H[SHULPHQWVDIWHUK LQFXEDWLRQSHULRGV UHVXOWVQRW VKRZQDQGZDV IRXQG WREHPDUNHGO\7 
ORZHU WKDQ WKDW REVHUYHG ZLWK WKH .)8&26( NLW LQGLFDWLQJ WKDW IUHH IXFRVH ZKLFK LV8 
FRQVXPHG LQ WKH ODWWHU FRXOG EH LQKLELWLQJ WKH HQ]\PDWLF DFWLYLW\ VLJQLILFDQWO\ ,Q RUGHU WR9 
GHWHUPLQH WKH H[WHQW RI VXFK DQ HIIHFW PHDVXUHPHQW RI .0 DQG 9PD[ YDOXHV ZHUH UHSHDWHG10 
ZLWKS13IXFRVHLQWKHSUHVHQFHRIHLWKHUP0/IXFRVHRU0GHR[\IXFRQRMLULP\FLQ11 
')-ZKLFK LVD VWURQJ IXFRVLGDVH LQKLELWRU7KHHQ]\PHZDVFRPSHWLWLYHO\ LQKLELWHGE\12 
ERWKIXFRVHDQG')-DVWKH9PD[UHPDLQHGODUJHO\XQDIIHFWHGEXWWKH.0YDOXHLQFUHDVHGIURP13 
P0WRP0DQGP0UHVSHFWLYHO\7DEOH14 
 )XUWKHU WKH DELOLW\ RI WKH HQ]\PH WR FOHDYH IXFRVH UHVLGXHV RII PRUH FRPSOH[15 
QDWXUDOJO\FDQVDQGWKRVHRQEUDQFKHGVXJDUUHVLGXHVZDVDVVD\HGFRPSDUHZLWK)LJ$V16 
H[SHFWHG WKH HQ]\PH ZDV XQDEOH WR FOHDYH WKH Į IXFRVH OLQNDJH RQ *DO)*DO)SHS17 
LQFOXGHG LQ WKH DVVD\V DV D WUDFH DPRXQW RI DFWLYLW\ FRXOG EH REVHUYHG ZKHQ XVLQJ 18 
IXFRV\OODFWRVHDVPHDVXUHGE\WKH.)8&26(NLW7KHHQ]\PHZDVDOVRQRWDEOHWRFOHDYH19 
WKHFRUHĮ IXFRVH OLQNDJHRQ*Q*Q)SHSQRU WKHEUDQFKHGĮOLQNHG IXFRVHRQ WKH20 
$DQWLJHQ 7KH QRQEUDQFKHG Į IXFRVH OLQNDJH SUHVHQW RQ WKH (DVWHUQ R\VWHU VXEVWUDWH21 
KRZHYHUZDVFOHDYHGRIIWKHVXEVWUDWH*DO)VHHQE\WKHORVVRIDIXFRVHUHVLGXHLQWKH0622 
VSHFWUD RI WKH VXEVWUDWH 7KH PDMRU P] JO\FDQ >0+@ ZDV DSSUR[LPDWHO\ 23 
GLJHVWHG WRDGHIXFRV\ODWHGVSHFLHVRIP]DIWHURYHUQLJKW LQFXEDWLRQZLWK WKHHQ]\PH24 
)LJ7KHHQ]\PHLVWKHUHIRUHDEOHWRFOHDYHRIIIXFRVHUHVLGXHVZKLFKDUHĮOLQNHG25 
RQPRUHFRPSOH[JO\FDQVRQO\ZKHQLQDWHUPLQDOXQEUDQFKHGSRVLWLRQDQGLVXQDEOHWRFOHDYH26 
 
 
FRUHĮIXFRVH7KLVGDWDVXSSRUWVWKDWWKHHQ]\PHDFWVDVDQĮIXFRVLGDVH1 
2 
U7I)XFDFWLYLW\RQERYLQHVXEPD[LOODU\PXFLQU7I)XFZDVLQFXEDWHGZLWKPXFLQIURP3 
ERYLQHVXEPD[LOODU\JODQGVDQGWKHUHOHDVHRIIXFRVHZDVPHDVXUHGZLWKWKH.)8&26(NLW4 
,QFXEDWLRQ ZDV SHUIRUPHG DOVR LQ FRPELQDWLRQ ZLWK U1DQ+ IURP T. forsythia DQG DFWLYLWLHV5 
ZHUHFDOFXODWHGIURPWKHVORSHRIǻ$EVZKHUHLWZDVOLQHDURYHUWLPH'XULQJWKHDVVD\HG6 
LQFXEDWLRQSHULRGRIPLQQRDFWLYLW\FRXOGEHGHWHFWHGZKHQU7I)XFZDVLQFXEDWHGDORQH7 
ZLWK PXFLQ 7KH ǻ$EV OHDG WR DQ LUUHJXODU GDWD VHW ZLWK D YHU\ ORZ U YDOXH +RZHYHU8 
IXFRVH UHOHDVH ZDV GHWHFWDEOH ZKHQ WKH LQFXEDWLRQ ZDV SHUIRUPHG LQ FRQMXQFWLRQ ZLWK WKH9 
U1DQ+ VLDOLGDVH SUHVHQWLQJ D VORZ EXW VWHDG\ LQFUHDVH LQ WKH $EV 7KH DFWLYLW\ ZDV10 
FDOFXODWHGRYHUDSHULRGRIVZKHUHWKHGDWDSRLQWVILWWHGDOLQHDUUHJUHVVLRQZLWKDQURI11 
 )LJ 7KH H[SHULPHQW ZDV UHSHDWHG VHYHUDO WLPHV DQG \LHOGHG DQ DFWLYLW\ RI 12 
P8PJU7I)XFPLJKWFOHDYHIXFRVHRIIPXFLQRYHUORQJHUSHULRGVRIWLPHEXWWKHGDWD13 
VKRZVDVLJQLILFDQWO\KLJKHUDFWLYLW\ZKHQVLDOLFDFLGUHVLGXHVDUHILUVWUHPRYHGIURPPXFLQ14 
LQGLFDWLQJ WKDW WKH IXFRVLGDVH 7I)XF FRXOG ZRUN GRZQVWUHDP IURP WKH VLDOLGDVH LQ T. 15 
forsythia DQG SUHVXPDEO\ FRRSHUDWH ZLWK RWKHU JO\FRVLGDVHV LQ WKH GHJUDGDWLRQ RI FRPSOH[16 
JO\FDQV17 
18 
&HOOXODU ORFDOL]DWLRQRI7I)XF7I)XFZDVSUHYLRXVO\UHSRUWHG WREHSUHVHQW LQ WKHRXWHU19 
PHPEUDQHIUDFWLRQRIT. forsythia,QDQHIIRUWWRLQYHVWLJDWHLWVSUHVHQFHRQWKHVXUIDFHRIT. 20 
forsythia FHOOV 7I)XFVSHFLILF SRO\FORQDO DQWLVHUXP ZDV UDLVHG DJDLQVW WKH UHFRPELQDQW21 
HQ]\PHLQPLFHDQGXVHGIRU:HVWHUQLPPXQREORWWLQJRIFHOOXODUIUDFWLRQVVHSDUDWHGE\6'622 
3$*(3URWHLQYLVXDOL]DWLRQE\&%%VWDLQLQJVKRZHGJRRGVHSDUDWLRQEHWZHHQWKHIUDFWLRQV23 
DVWKH6OD\HUEDQGVZHUHYHU\SURPLQHQWLQWKHRXWHUPHPEUDQHIUDFWLRQEXWQRWLQWKHLQQHU24 
PHPEUDQHDQGQRQPHPEUDQHDVVRFLDWHGIUDFWLRQV:HVWHUQLPPXQREORWWLQJVKRZHGWKDWDOO25 
WKH GHWHFWDEOH 7I)XF IXFRVLGDVH ZDV IRXQG LQ WKH QRQPHPEUDQH DVVRFLDWHG IUDFWLRQ26 
 
 
FRPSULVLQJ ERWK WKH F\WRSODVPLF DQG SHULSODVPLF FRQWHQW )LJ DUJXLQJ DJDLQVW VXUIDFH1 
ORFDOL]DWLRQRIWKH7I)XFHQ]\PH2 
3 
'LVFXVVLRQ4 
5 
&RORQL]DWLRQRIWKHSHULRGRQWDOSRFNHWE\WKHSDWKRJHQLFODWHFRORQL]HUT. forsythiaGHSHQGV6 
ODUJHO\ RQ SUHH[LVWLQJ EDFWHULD WKDW KDYH DOUHDG\ WLSSHG WKH RUDO EDODQFH DZD\ IURP KHDOWK7 
DQGWRZDUGVGLVHDVH)DFWRUVVXFKDVDS+VKLIWIURPQHXWUDOWRDONDOLQHDQGVOLJKWUDLVHVLQ8 
WKHWHPSHUDWXUHGXHWRWKHKRVWLQIODPPDWRU\UHVSRQVHFRXOGEHFRQWULEXWLQJIDFWRUVIDYRXULQJ9 
WKH SURFHVV ,Q D VLWXDWLRQ RI RUDO GLVHDVH WKH QXPEHU RI GLIIHUHQW EDFWHULD OLYLQJ LQ WKH10 
JLQJLYDO FUHYLFH GHFUHDVHV PDUNHGO\ GXH WR SXWDWLYH SDWKRJHQLF EDFWHULD EHLQJ PRUH11 
FRPSHWLWLYHLQVXFKDQHQYLURQPHQW,WLVLQWKHVHFRQGLWLRQVWKDWT. forsythiaVHHPVWRWKULYH12 
DQGEHFRPHVRQHRIWKHNH\SOD\HUVLQVHYHUHFDVHVRISHULRGRQWLWLV13 
 7KH1DQ+VLDOLGDVHLQT. forsythiaKDVEHHQZHOOHVWDEOLVKHGWRSOD\LPSRUWDQWUROHV14 
LQ DGKHUHQFH WR VLDO\ODWHG JO\FRSURWHLQFRDWHG VXUIDFHV DQG HSLWKHOLDO FHOOV LQ DGGLWLRQ WR15 
WULJJHULQJELRILOPJURZWKDQGEHLQJXSUHJXODWHGLQGHQWDOSODTXH$VWKHRWKHULPSRUWDQW16 
WHUPLQDOVXJDURQKRVWJO\FRSURWHLQVLVIXFRVHKHUHZHSHUIRUPHGDQLQLWLDOFKDUDFWHUL]DWLRQ17 
RIDSXWDWLYHĮ/IXFRVLGDVHHQFRGHGLQWKHT. forsythiaJHQRPHSURGXFWRIWKHJHQHTffuc118 
SUHYLRXVO\UHSRUWHGWREHSDUWRIWKHRXWHUPHPEUDQHSURWHRPH19 
 %\SURGXFLQJ WKH HQ]\PH UHFRPELQDQWO\ LQE. coliZHZHUHDEOH WR VKRZ WKDW WKH20 
HQ]\PHLVDFWLYHDFURVVDEURDGS+UDQJHIURPKDYLQJDQXQXVXDOO\KLJKS+RSWLPXP21 
RI  ,W SUHVHQWV D XQLTXH ĮOLQNDJH VSHFLILFLW\ RQ WHUPLQDO QRQEUDQFKHG IXFRVH22 
UHVLGXHVEHLQJDOVRDFWLYHRQVPDOOQRQEUDQFKHGĮIXFRV\ODWHGVXEVWUDWHV:KLOVWERWK23 
WKHVH OLQNDJHV DUH FOHDYHG DW D FRQVLGHUDEOH UDWH LQ WKH FDVH RI VPDOO OLQHDU VXEVWUDWHV WKH24 
ĮVSHFLILFLW\LVQRWGHWHFWHGRQFRUHIXFRVHVRQPRUHFRPSOH[JO\FRSHSWLGHV7KHĮ25 
OLQNDJHVSHFLILFLW\ZDVDSSDUHQWRQERWKVPDOOOLQHDUVXEVWUDWHVVXFKDVIXFRV\OODFWRVHDQG26 
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+WULVDFFKDULGH DQG RQ PRUH FRPSOH[ JO\FDQV RQO\ ZKHQ IXFRVH RFFXSLHG D WHUPLQDO1 
SRVLWLRQ EXW QRW RQ D EUDQFKHG VXEVWUDWH ZKHUH WKH IXFRVH UHVLGXH LV OLQNHG WR D IXOO\2 
VXEVWLWXWHGVXJDU7KHHQ]\PHVHHPVWREHWRWKHEHVWRIRXUNQRZOHGJHWKHILUVWIXFRVLGDVH3 
LQLWV*+IDPLO\*+WRKDYHDVSHFLILFĮDFWLYLW\7KHEURDGKLJKS+DFWLYLW\SURILOH4 
RIWKLVIXFRVLGDVHWLHVLQZLWKLWVSK\VLRORJLFDOQLFKHZKLFKLVNQRZQWRKDYHDS+WKDWULVHVDV5 
SHULRGRQWDO GLVHDVH SURJUHVVHV 7KH SRVVHVVLRQ RI VXFK HQ]\PHV ZLWK KLJKHU DFWLYLWLHV LQ6 
DONDOLQH VXUURXQGLQJV FRXOG FRQWULEXWH WR FRPSHWLYHQHVV DQG YLUXOHQFH RI T. forsythia LQ D7 
GLVHDVHGHQYLURQPHQW8 
 'XULQJ WKH FRXUVH RI WKLV VWXG\ LW EHFDPH FOHDU WKDW RQH RI WKH LVVXHV SRVVLEO\9 
XQGHUOLQLQJRXUREVHUYDWLRQVZDVWKHHQ]\PH¶VFHOOXODUORFDOL]DWLRQ(YHQWKRXJK7I)XFZDV10 
IRXQGSUHYLRXVO\WREHSUHVHQWLQWKHRXWHUPHPEUDQHSURWHRPHRIWKHSDWKRJHQORFDOL]DWLRQ11 
RI WKH HQ]\PH RQ WKH VXUIDFH RI T. forsythia FHOOV E\ IOXRUHVFHQW LPPXQRODEHOOLQJ ZDV QRW12 
VXFFHVVIXOGDWDQRWVKRZQVHH([SHULPHQWDO3URFHGXUHVLQWKH6XSSOHPHQWDU\,QIRUPDWLRQ13 
DQG FHOO IUDFWLRQDWLRQ DOVR VKRZHG WKH GHWHFWDEOH SURWHLQ WR EH IRXQG LQ WKH QRQPHPEUDQH14 
DVVRFLDWHG IUDFWLRQ )LJ 7KLV ZRXOG EH LQ DJUHHPHQW ZLWK ELRLQIRUPDWLFV LQWHUURJDWLRQ15 
LQGLFDWLQJ WKDW ZKLOH LW KDV D 6HFGHSHQGHQW VHFUHWLRQ VLJQDO DV SUHGLFWHG E\ 6LJQDO3 16 
6HUYHULWLVQRWSUHGLFWHGWRUHVLGHLQWKHRXWHUPHPEUDQHRUEHVHFUHWHGQRUGRHVLWFRQWDLQD17 
766&WHUPLQDOVHFUHWLRQVLJQDO7KHGLIIHUHQFHLQORFDWLRQRI7I)XFEHWZHHQWKHSUHVHQW18 
VWXG\DQGWKHRXWHUPHPEUDQHSURWHRPLFVH[SHULPHQWFDQEHUHFRQFLOHGZKHQFRQVLGHULQJ19 
WKDW LQ WKH ODWWHUVWXG\FURVVFRQWDPLQDWLRQRI LQGLYLGXDOSURWHLQVEHWZHHQFHOOXODU IUDFWLRQV20 
ZDVQRWLQYHVWLJDWHG21 
 ,QFXEDWLRQRI WKH UHFRPELQDQWIXFRVLGDVHZLWKERYLQHVXEPD[LOODU\PXFLQVKRZHG22 
QRGHWHFWDEOHUHOHDVHRIIXFRVHRYHUDQLQFXEDWLRQSHULRGRIPLQ$FWLYLW\RQWKLVFRPSOH[23 
VXEVWUDWHFRXOGRQO\EHGHWHFWHGZKHQWKHLQFXEDWLRQZDVSHUIRUPHGLQFRPELQDWLRQZLWKWKH24 
UHFRPELQDQW1DQ+VLDOLGDVHIURP T. forsythia,WLVWKHUHIRUHFRQFHLYDEOHWKDW7I)XFFRXOG25 
SOD\ DQ DFFRPSDQ\LQJ UROH WR WKH VLDOLGDVH LQ WKH LQWHUDFWLRQEHWZHHQT. forsythia DQGKRVW26 
 
 
JO\FRSURWHLQV EXW JLYHQ LWV SHULSODVPLF ORFDWLRQ WKLV FRXOG PHUHO\ UHIOHFW WKH QHHG IRU1 
UHPRYDORIWHUPLQDOVLDOLFDFLGUHVLGXHVIRUWKHHQ]\PHWRZRUNHLWKHULQGLFDWLQJWKDWLWPRVW2 
OLNHO\DFWVRQLQWHUQDOLVHGIXFRV\OVXEVWUDWHVDIWHUVLDOLFDFLGKDVDOUHDG\EHHQUHPRYHGE\WKH3 
DFWLRQRIVLDOLGDVHVRUOHVVOLNHO\WKDWLWDFWVLQFRQFHUWZLWKVLDOLGDVHVH[WHUQDOO\4 
 7KLV QRWLRQ WKDW WKH T. forsythia IXFRVLGDVH 7I)XF SOD\V DQ LQWHUQDO UROH ZDV5 
FRUURERUDWHGZKHQZHWHVWHGWKHHIIHFWRIWKH∆Tffuc1PXWDWLRQRQWKHDELOLW\RIT. forsythiaWR6 
LQWHUDFWZLWKDQGLQYDGHKXPDQRUDOHSLWKHOLDOFHOOVXVLQJDQDQWLELRWLFSURWHFWLRQDVVD\RQWKH7 
RUDO HSLWKHOLDO FHOO OLQH + :H IRXQG QR VLJQLILFDQW GLIIHUHQFHV LQ WKH DELOLW\ RI WKH8 
∆Tffuc1 WRLQYDGHWKHVHKXPDQFHOOVDVFRPSDUHGWRWKH:7VWUDLQ)LJ6 LQGLFDWLQJWKDW9 
7I)XFKDVQRHIIHFWRQHSLWKHOLDOFHOOLQYDVLRQXQGHU WKHFRQGLWLRQV WHVWHG ,QDGGLWLRQ WKH10 
PXWDQW GLG QRW VKRZ KLQGHUHG ELRILOP IRUPDWLRQ ZKHQ FXOWXUHG RQ ERYLQH VXEPD[LOODU\11 
PXFLQFRQWUDU\WRWKHT. forsythiaNanHVLDOLGDVH PXWDQWEXWVKRZHGDVOLJKWO\LQFUHDVHG12 
ELRILOPIRUPDWLRQ)LJ613 
 2XU GDWD VXSSRUWV WKH LGHD RI D SHULSODVPLF IXFRVLGDVH LQYROYHG LQ WKH ILQDO14 
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20 
 %UDGIRUG 00 $ UDSLG DQG VHQVLWLYH PHWKRG IRU WKH TXDQWLWDWLRQ RI PLFURJUDP21 
TXDQWLWLHVRISURWHLQXWLOL]LQJWKHSULQFLSOHRISURWHLQG\HELQGLQJ$QDO%LRFKHP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)LJXUH 6'6 3$*( $ DQG :HVWHUQ LPPXQREORW % RI WRWDO FHOO H[WUDFWV IURP T. 3 
forsythia:7ODQHDQG∆Tffuc1 VWUDLQVODQHDQGRIWKH+LVWDJJHGU7I)XFDVSXULILHG4 
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ODQHXVHGIRUDFWLYLW\VWXGLHVDQGWRUDLVHDSRO\FORQDODQWL7I)XFDQWLVHUXP5 
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VSHFLILFDOO\LQWKH:7VWUDLQODQHDQGLQGLFDWHGDEVHQFHRIWKHSURWHLQLQWKH∆Tffuc1VWUDLQ7 
ODQHSURYLQJWKDWWKHHQ]\PHZDVHIIHFWLYHO\NQRFNHGRXW,QWKHSUHSDUDWLRQRIU7I)XF8 
%ODQHWKHSRO\FORQDODQWLVHUXPUHFRJQL]HVDOVRPLQRUFRQWDPLQDWLQJE. coli SURWHLQVQRW9 
YLVLEOH RQ WKH 6'63$*( JHO $ ODQH  0P 3DJH5XOHU 3OXV SUHVWDLQHG SURWHLQ ODGGHU10 
7KHUPR6FLHQWLILF11 
12 
)LJXUH S+SURILOH RI U7I)XFXVLQJQLWURSKHQ\Oα/IXFRS\UDQRVLGH S13IXFRVH DV D13 
VXEVWUDWH$FWLYLW\ZDVPHDVXUHGDV WKH LQFUHDVH LQ$EVGXH WR WKHUHOHDVHGQLWURSKHQRO14 
SURGXFW&LWUDWHSKRVSKDWHEXIIHU0ZDVXVHG WRDVVD\WKHS+UDQJHIURPP015 
JO\FLQHEXIIHUZDVXVHGIRUWKHS+UDQJHIURP16 
17 
)LJXUH)XFRV\ODWHGVXEVWUDWHVXVHGLQWKLVVWXG\7KHVWUXFWXUHVDUHGHSLFWHGDFFRUGLQJWR18 
WKHV\PEROLFQRPHQFODWXUHRIWKH&RQVRUWLXPIRU)XQFWLRQDO*O\FRPLFV19 
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20 
21 
)LJXUH U7I)XF DFWLYLW\ RQ VWDQGDUG IXFRV\ODWHG VXEVWUDWHV DIWHU RYHUQLJKW LQFXEDWLRQ DV22 
GHWHUPLQHG E\ +3$(& %OXH OLQHV UHSUHVHQW VDPSOHV ZKLFK ZHUH LQFXEDWHG LQ DEVHQFH RI23 
U7I)XF VXEVWUDWH VWDQGDUG DQG UHG OLQHV UHSUHVHQW VDPSOHV LQFXEDWHG LQ WKH SUHVHQFH RI24 
U7I)XF&OHDYDJHRI WKHVXEVWUDWHVZDVGHWHUPLQHGE\ WKHDSSHDUDQFHRID IXFRVHSHDNDV25 
GHWHUPLQHGE\WKHUHWHQWLRQWLPHRIWKHVWDQGDUGPRQRVDFFKDULGH26 
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)LJXUH &OHDYDJH RI QDWXUDO Į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IURPDODUJHNJO\FDQVXEVWUDWHZDVPRQLWRUHGE\0$/',72)06VSHFWUDDIWHURYHUQLJKW2 
LQFXEDWLRQ WKHFRQYHUVLRQRI WKHm/zJO\FDQ*DO)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∆m/z  LV3 
LQGLFDWLYH RI WKH ORVV RI IXFRVH 7KH VWUXFWXUHV RI WKH VXEVWUDWH DQG SURGXFW DUH GHSLFWHG4 
DFFRUGLQJWRWKHV\PEROLFQRPHQFODWXUHRIWKH&RQVRUWLXPIRU)XQFWLRQDO*O\FRPLFV5 
6 
)LJXUHU7I)XFZDVLQFXEDWHGZLWKPXFLQIURPERYLQHVXEPD[LOODU\JODQGVDQGWKHUHOHDVH7 
RI IXFRVH ZDV PHDVXUHG ZLWK WKH .)8&26( NLW :KHQ LQFXEDWLRQV ZHUH SHUIRUPHG LQ8 
FRQMXQFWLRQZLWKWKHU1DQ+VLDOLGDVHDVORZVWHDG\LQFUHDVHLQWKH$EVZDVREVHUYHG7KH9 
DFWLYLW\ZDVFDOFXODWHGRYHUDSHULRGRIVZKHUHWKHGDWDSRLQWVILWWHGDOLQHDUUHJUHVVLRQ10 
ZLWKDQURI1RDFWLYLW\FRXOGEHGHWHFWHGZKHQU7I)XFZDVLQFXEDWHGDORQHZLWKWKH11 
PXFLQ7KH∆$EVOHDGWRDQLUUHJXODUGDWDVHWZLWKDYHU\ORZUYDOXHRI12 
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SURPLQHQW LQ WKH 20 EXW QRW LQ WKH PHPEUDQH DQG QRQPHPEUDQH DVVRFLDWHG IUDFWLRQV17 
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7DEOH%DFWHULDOVWUDLQVDQGSODVPLGVXVHGLQWKLVVWXG\
6WUDLQRUSODVPLG *HQRW\SHDQGRUUHOHYDQWFKDUDFWHULVWLFV 6RXUFH
Escherichia coli'+Į
) GlacZ0lacZYA-argFU169 deoR recA1 endA1 
hsdR17 U.P.phoA supE44 thi-1 gyrA96 relA1
,QYLWURJHQ
Escherichia coli%/'( F-, ompT, hsdSrB-mB-gal, dcm'( ,QYLWURJHQ
Tannerella forsythia$7&& :LOGW\SHLVRODWH $PHULFDQ7\SH&XOWXUH&ROOHFWLRQ86$
T. forsythia ¨Tffuc1 T. forsythiaNQRFNRXWRIWKHTffuc1JHQH(UPU 7KLVVWXG\
S(7E ([SUHVVLRQYHFWRUZLWKD+LVWDJ$PSU 1RYDJHQ
S-(7Tffuc1_NR S-(7FDUU\LQJWKHTffuc1BermF-AMNQRFNRXWFDVVHWWH 7KLVVWXG\

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7DEOH2OLJRQXFOHRWLGHSULPHUVXVHGIRU3&5DPSOLILFDWLRQUHDFWLRQVD
3ULPHUV 6HTXHQFH¶→¶D
 JFJJ&$7$7*$$$$&$$*$$&$77$&77&777*7*
 JFWD&7&*$**777$*$**&$$77&$77**&$$$7*
 *$&&$$*&7*&$**&&$7&$7&*$7*7*&7&$$&
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 *&7&$*&&$*&&*$7$*77$&777777&*77$7*7*77&&&
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E &$&&&&$7&$$7$**$7*777&$7$$$*$7$777&7*&&&*****&7$*$**$7&&&&*$$*&
 &$&*$7*$$&*7*7&**7&$77$$&
 *$$*&7$7&*****7$&&7&&&&&***
 *&77&****$7&&7&7$*&&&&&***
 *&$&$7$777$*7$$&&&*$7$*&&

D$UWLILFLDOUHVWULFWLRQVLWHVDUHXQGHUOLQHG/RZHUFDVHOHWWHUVLQGLFDWHDUWLILFLDOO\LQWURGXFHGEDVHVWRLPSURYHUHVWULFWLRQHQ]\PHFXWWLQJ
,QLWDOLFVDUHWKHRYHUODSVHTXHQFHVFRPSOHPHQWDU\WRermF-ermAM.,QEROGDUHWKHRYHUODSVHTXHQFHVFRPSOHPHQWDU\WRWKH BFO_2737 IODQNLQJ
UHJLRQV
E3ULPHUVHTXHQFHVZHUHWDNHQIURP+RQPDHWDO
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&KDUDFWHUL]DWLRQRIDQĮ/IXFRVLGDVHIURPWKHSHULRGRQWDO5 
SDWKRJHQTannerella forsythia6 
 7 
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:LHQ9LHQQD$XVWULD12 
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$XVWULD14 
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3%6SKRVSKDWH9 
EXIIHUHGVDOLQHS13IXFRVHQLWURSKHQ\OĮ/IXFRS\UDQRVLGH6'63$*(VRGLXP10 
GRGHF\OVXOSKDWHSRO\DFU\ODPLGHJHOHOHFWURSKRUHVLVT. forsythiaTannerella forsythia11 
$7&&:7ZLOGW\SHEDFWHULXP 12 
 
 
$EVWUDFW1 
2 
7KH SHULRGRQWDO SDWKRJHQ Tannerella forsythia H[SUHVVHV VHYHUDO JO\FRVLGDVHV ZKLFK DUH3 
OLQNHGWRVSHFLILFJURZWKUHTXLUHPHQWVDQGDUHLQYROYHGLQWKHLQYDVLRQRIKRVWWLVVXHVĮ/4 
IXFRV\OUHVLGXHVDUHH[SRVHGRQYDULRXVKRVWJO\FRFRQMXJDWHVDQG WKXV WKHĮ/IXFRVLGDVHV5 
SUHGLFWHG LQ WKH T. forsythia $7&& JHQRPH FRXOG SRWHQWLDOO\ VHUYH UROHV LQ KRVW6 
SDWKRJHQLQWHUDFWLRQV:HGHVFULEHWKHPROHFXODUFORQLQJDQGFKDUDFWHUL]DWLRQRIWKHSXWDWLYH7 
IXFRVLGDVH 7I)XF HQFRGHG E\ WKH bfo_2737   Tffuc1 JHQH SUHYLRXVO\ UHSRUWHG WR EH8 
SUHVHQW LQ DQ RXWHU PHPEUDQH SUHSDUDWLRQ ,Q WHUPV RI VHTXHQFH WKLV N'D SURWHLQ LV D9 
PHPEHURIWKHJO\FRV\OK\GURODVHIDPLO\*+8VLQJDQDUWLILFLDOVXEVWUDWHSQLWURSKHQ\O10 
ĮIXFRVH.00WKHHQ]\PHZDVGHWHUPLQHGWRKDYHDS+RSWLPXPRIDQGWREH11 
FRPSHWLWLYHO\LQKLELWHGE\IXFRVHDQGGHR[\IXFRQRMLULP\FLQ7I)XFZDVVKRZQKHUHWREHD12 
XQLTXHĮIXFRVLGDVHWKDWDOVRSRVVHVVHVĮVSHFLILFLW\RQVPDOOXQEUDQFKHGVXEVWUDWHV13 
,WLVDFWLYHRQPXFLQDIWHUVLDOLGDVHFDWDO\VHGUHPRYDORIWHUPLQDOVLDOLFDFLGUHVLGXHVDQGDOVR14 
UHPRYHVIXFRVHIURPEORRGJURXS+)ROORZLQJNQRFNRXWRI WKHTffuc1 JHQHDQGDQDO\VLQJ15 
ELRILOPIRUPDWLRQDQGFHOOLQYDVLRQDGKHVLRQRIWKHPXWDQWLQFRPSDULVRQWRWKHZLOGW\SHLW16 
LVPRVW OLNHO\ WKDW WKHHQ]\PHGRHVQRWDFW H[WUDFHOOXODUO\%LRFKHPLFDOO\ LQWHUHVWLQJDV WKH17 
ILUVWIXFRVLGDVHLQT. forsythiaWREHFKDUDFWHUL]HGWKHELRORJLFDOUROHRI7I)XFPD\ZHOOEH18 
LQ WKHPHWDEROLVPRIVKRUWROLJRVDFFKDULGHVLQWKHSHULSODVP WKHUHE\LQGLUHFWO\FRQWULEXWLQJ19 
WR WKHYLUXOHQFHRI WKLVRUJDQLVP7I)XFLVWKHILUVWJO\FRV\OK\GURODVHLQWKH*+IDPLO\20 
UHSRUWHGWREHDVSHFLILFĮIXFRVLGDVH21 
 22 
 
 
,QWURGXFWLRQ1 
2 
Tannerella forsythia LVD*UDPQHJDWLYHDQDHURELFRUDOSDWKRJHQDPHPEHURIWKHVRFDOOHG3 
³UHG FRPSOH[´ RI EDFWHULD WKDW FDXVH D VHW RI LQIODPPDWRU\ GLVHDVHV QDPHG SHULRGRQWLWLV4 
DIIHFWLQJPLOOLRQVRISHRSOHZRUOGZLGH7KHHIIHFWVRQWKHSHULRGRQWLXPLQFOXGHORVVRIWKH5 
DOYHRODUERQHDURXQGWKHWHHWKVZHOOLQJDQGEOHHGLQJRIWKHJXPDQGLQPRUHVHYHUHFDVHV6 
ORVVRIWHHWK3HULRGRQWLWLVKDVDOVREHHQOLQNHGWRV\VWHPLFLQIODPPDWLRQDQGWRDQLQFUHDVHG7 
ULVNRIVWURNHKHDUWDWWDFNVDQGDWKHURVFOHURVLVDPRQJVWRWKHUV8 
 /LNHRWKHUEDFWHULDUHVLGLQJLQKXPDQKRVWVT. forsythiaKDVDGDSWHGWREHWWHUVXLWLWV9 
QLFKH ZLWK FHOO VXUIDFH JO\FRV\ODWLRQ WKRXJKW WR EH NH\ WR WKLV DGDSWDWLRQ $V SUHYLRXVO\10 
GHVFULEHGT. forsythiaFHOOVDUHFRPSOHWHO\FRYHUHGE\DXQLTXHVXUIDFH6OD\HUIRUPHGE\11 
FRDVVHPEO\ RI WZR GLIIHUHQW SURWHLQV ERWK RI ZKLFK DUH KLJKO\ OJO\FRV\ODWHG ZLWK DQ12 
HTXDOO\ XQLTXH JO\FDQ 0XWDQW VWUDLQV ODFNLQJ HLWKHU WKH 6OD\HU RU JO\FDQ DVVHPEO\ DQG13 
PDWXUDWLRQJHQHVGLVSOD\SKHQRW\SHV LQYROYLQJDOWHUHGKXPDQFHOODWWDFKPHQW WRKRVWFHOOV14 
ELRILOPIRUPDWLRQDQGGLVHDVHSURJUHVVLRQ,QDGGLWLRQWKHVWUXFWXUHRIWKHJO\FDQSDUWLDOO\15 
LPLWDWHV WKDW RI KRVW JO\FRSURWHLQV KDYLQJ D WHUPLQDO VLDOLF DFLGOLNH UHVLGXH SUHFLVHO\ D16 
PRGLILHGSVHXGDPLQLFDFLGUHVLGXHDQGDWHUPLQDOIXFRVHZLWKWKHODWWHUVKRZQWREHSUHVHQW17 
LQVXEVWRLFKLRPHWULFDPRXQWVDQGOLQNHGWRDPHWK\ODWHGJDODFWRVHLQDQXQNQRZQJO\FRVLGLF18 
OLQNDJH7KHJO\FRELRORJ\RIWKLVSDWKRJHQLQFOXGLQJLWVUHSHUWRLUHRIJO\FRVLGDVHVVHHPVWR19 
EHNH\WRLWVSK\VLRORJ\DQGSRWHQWLDOO\LWVSDWKRJHQLFLW\20 
5HFHQWHYLGHQFH VXJJHVWV WKDW IRU VHYHUDOSHULRGRQWDOSDWKRJHQVEXWSDUWLFXODUO\ IRU21 
WKH ³UHG FRPSOH[´ RUJDQLVP T. forsythia VLDOLF DFLGFRQWDLQLQJ KRVW PROHFXOHV SOD\ DQ22 
LPSRUWDQWUROHin vivo7ZRGLIIHUHQWVLDOLGDVHVKDYHEHHQIRXQGLQT. forsythia6LD+,DQG23 
1DQ+,QWKHFDVHRI6LD+,LWVIXQFWLRQLVXQFOHDU,WLVQRWDFDQRQLFDOVLDOLGDVHi.e.,QRWLQ24 
WKH*+IDPLO\DsiaH1PXWDQWKDVQRGLVFHUQLEOHSKHQRW\SHDQGH[SHULPHQWVSRLQWWRLW25 
EHLQJDSHULSODVPLFSURWHLQZLWKRXWDQ\UROHLQH[WUDFHOOXODULQWHUDFWLRQV7KHVHVDPHVWXGLHV26 
 
 
DOVR LQGLFDWHG WKDW PXWDQWV ODFNLQJ WKH PDLQ T. forsythia VLDOLGDVH 1DQ+ KDG KLQGHUHG1 
DWWDFKPHQWDQGLQYDVLRQRIKXPDQRUDOHSLWKHOLDOFHOOV7KHHQ]\PHZDVDOVRVHHQWRSOD\DQ2 
LPSRUWDQWUROHLQELRILOPJURZWKRQVXUIDFHVFRDWHGZLWKVDOLYDU\JO\FRSURWHLQV7KHnanH3 
JHQHLVORFDWHGLQDODUJHFOXVWHUWKDWFRQWDLQVDOOWKHJHQHVUHTXLUHGIRUVLDOLFDFLGFDWDEROLVP4 
ZKLFKLQGLFDWHVWKDWWKHFOHDYHGVLDOLFDFLGFDQDGGLWLRQDOO\EHWDNHQXSDQGXWLOL]HG7KLV5 
JHQH FOXVWHU DOVR FRQWDLQV D ȕKH[RVDPLQLGDVH WKDW PD\ FOHDYH VXEWHUPLQDO UHVLGXHV DIWHU6 
VLDOLGDVH DFWLRQ DQG PD\ DOVR SOD\ D UROH in vivo $GGLWLRQDOO\ LQ D VHSDUDWH VWXG\7 
WUDQVFULSWRPH DQDO\VLV RI WKH RUDO PLFURELRPH DOVR VKRZHG XSUHJXODWLRQ RI WKH VLDOLGDVH8 
nanH P51$LQGHQWDOSODTXH9 
Į/IXFRV\OUHVLGXHVDUH OLNHVLDOLFDFLG IUHTXHQWO\ ORFDWHGDWD WHUPLQDOSRVLWLRQRQ10 
YDULRXV KRVW JO\FRFRQMXJDWHV LQFOXGLQJ EORRG JURXSV PLON ROLJRVDFFKDULGHV JDVWULF DQG11 
VXEPD[LOODU\ PXFLQ DQG VHUXP JO\FRSURWHLQV  7KHUHIRUH IXFRVLGDVHV LQ T. forsythia12 
FRXOGSRWHQWLDOO\SOD\VLPLODUUROHVWRVLDOLGDVHV,WKDVJHQHUDOO\EHHQVKRZQWKDWWHUPLQDO13 
IXFRVHUHVLGXHVSOD\LPSRUWDQWUROHVLQPDPPDOLDQFHOOFHOOFRPPXQLFDWLRQDQGDOVRLQWKHLU14 
LQWHUDFWLRQ ZLWK SDWKRJHQLF EDFWHULD IRU LQVWDQFH Campylobacter jejuni DQG Helicobacter 15 
pylori DUH NQRZQ WR ELQG FHUWDLQ IXFRV\ODWHG EORRG JURXSV e.g., 2DQWLJHQ LQ RUGHU WR16 
PHGLDWH LQIHFWLRQ ,Q DGGLWLRQ WKH DELOLW\ WR XWLOL]H DYDLODEOH IXFRVH SURYLGHV PDQ\17 
EDFWHULD ZLWK D QXWULWLRQDO DGYDQWDJH DQG FRQWULEXWHV WR VXUYLYDO LQ D KLJKO\ FRPSHWLWLYH18 
HFRV\VWHPVXFKDVWKHKXPDQERG\19 
&KDUDFWHUL]DWLRQRIĮ/IXFRVLGDVHVLQT. forsythiaFRXOGDLGLQWKHHOXFLGDWLRQRIWKH20 
VWUXFWXUHIXQFWLRQ UHODWLRQVKLSRI IXFRV\ODWHGKRVW DQGEDFWHULDO VXUIDFHV LQ WKHYLUXOHQFHRI21 
RUDO SDWKRJHQV 7KH JHQRPH RI T. forsythia HQFRGHV WKUHH SXWDWLYH Į/IXFRVLGDVHV22 
%)2B DQG %)2B ERWK FODVVLILHG LQ WKH &$=\ &DUERK\GUDWH $FWLYH HQ=\PHV23 
KWWSZZZFD]\RUJJO\FRV\OK\GURODVHIDPLO\*+DQG%)2BFODVVLILHG LQIDPLO\24 
*+ :KLOH DOO WKUHH HQ]\PHV SRVVHVV D JO\FRV\O K\GURODVH GRPDLQ DQG DUH FODVVLILHG E\25 
&$=\ DFFRUGLQJ WR WKHLU PHFKDQLVP RI DFWLRQ %)2B DQG %)2B DUH QRW VWULFWO\26 
 
 
DQQRWDWHGDVĮ/IXFRVLGDVHVEXWDVD)W\SH&GRPDLQSURWHLQDQGDSXWDWLYHOLSRSURWHLQ1 
UHVSHFWLYHO\2 
+HUHZHGHVFULEHWKHPROHFXODUFORQLQJDQGFKDUDFWHUL]DWLRQRI%)2BZKLFKZH3 
QDPHG7I)XF7KLVSURWHLQKDVSUHYLRXVO\EHHQUHSRUWHGWRIRUPSDUWRIDQRXWHUPHPEUDQH4 
SUHSDUDWLRQRIT. forsythia DQGWKXVZDVDJRRGFDQGLGDWHWREHLQYROYHGLQKRVWSDWKRJHQ5 
LQWHUDFWLRQV7I)XFLVDDPLQRDFLGSURWHLQZLWKDWKHRUHWLFDOS,DQGPROHFXODUPDVVRI6 
DQGN'DUHVSHFWLYHO\,WLVWKHILUVWIXFRVLGDVHLQWKLVRUJDQLVPWREHFKDUDFWHUL]HGWR7 
GDWH 7KH HQ]\PH ZDV VKRZQ KHUH WR EH DQ ĮIXFRVLGDVH DQG DOVR SRVVHVVHV DQ Į8 
VSHFLILFLW\ RQ VPDOO XQEUDQFKHG VXEVWUDWHV ,W LV D SUHGLFWHG SHULSODVPLF SURWHLQ SRVVLEO\9 
SOD\LQJDUROHLQWKHEUHDNGRZQRIVPDOOROLJRVDFFKDULGHV,WLVWRWKHEHVWRIRXUNQRZOHGJH10 
WKHILUVWJO\FRV\OK\GURODVHLQLWVIDPLO\*+UHSRUWHGWREHDVSHFLILFĮIXFRVLGDVH11 
12 
5HVXOWV13 
14 
(Q]\PDWLF FKDUDFWHUL]DWLRQ RI U7I)XF 7KH Tffuc1 JHQH ZDV FORQHG LQWR S(7E15 
YHFWRU DQG H[SUHVVHG LQ E. coli DV D &WHUPLQDOO\ +LVWDJJHG SURWHLQ ZKLFK HQDEOHG16 
SXULILFDWLRQ YLD QLFNHO DIILQLW\ FKURPDWRJUDSK\ )LJ 7KH HQ]\PDWLF DFWLYLW\ ZDV WKHQ17 
WHVWHG XVLQJ WKH VWDQGDUG FRORULPHWULF ĮIXFRVLGDVH VXEVWUDWH QLWURSKHQ\OĮ/18 
IXFRS\UDQRVLGHS13IXFRVHDW&LQDUDQJHRIGLIIHUHQWS+YDOXHVDQGLQWKHSUHVHQFHRI19 
0J&O .&O DQG 1D&O LQ RUGHU WR HVWDEOLVK LWV S+ RSWLPXP DQG FDWLRQ GHSHQGHQFH20 
UHVSHFWLYHO\ %\ VWRSSLQJ WKH UHDFWLRQ ZLWK WKH DGGLWLRQRI DQ DONDOLQHEXIIHU DW S+ LW21 
ZDV HQVXUHG WKDW DOO ZHOOV ZKHUH DW WKH VDPH S+ IRU FRQVHTXHQW DEVRUEDQFH UHDGLQJV 7KH22 
DFWLYLW\RIWKHHQ]\PHZDVVHHQWRVWDUWWRSODWHDXDWWKHQHXWUDOWRDONDOLQHS+UDQJHDQGZDV23 
FRQVLGHUHG PRVW DFWLYH DW S+  DVVD\HG LQ JO\FLQH EXIIHU DQG QRW DW S+  ZKHUH WKH24 
DFWLYLW\VXGGHQO\SHDNVDQG WKHQ UDSLGO\GHFUHDVHV WKHUHDIWHU7KHDFWLYLW\ UHPDLQHG ODUJHO\25 
XQDIIHFWHGE\WKHSUHVHQFHRIFDWLRQVDWWKHWZRFRQFHQWUDWLRQVWHVWHGUHVXOWVQRWVKRZQ7KH26 
 
 
.0 DQG 9PD[ FDWDO\WLF FRQVWDQWV DW & FDOFXODWHG IURP WKH DFWLYLW\ RI WKH HQ]\PH DW1 
GLIIHUHQWS13IXFRVHFRQFHQWUDWLRQVZHUH0DQGPROPLQ8SHUPJRISURWHLQ2 
UHVSHFWLYHO\ 7DEOH 7KH GHWHUPLQHG FDWDO\WLF FRQVWDQWV IRU U7IIXF DUH LQ WKH UDQJH RI3 
WKRVH UHSRUWHGIRURWKHU IXFRVLGDVHVJO\FRV\OK\GURODVHVZKHQ WHVWHGRQ WKHLUFRUUHVSRQGLQJ4 
S13VXEVWUDWHV5 
6 
6XEVWUDWH OLQNDJH VSHFLILFLW\ RI U7I)XF 7R GHWHUPLQH WKH HQ]\PH OLQNDJH VSHFLILFLW\7 
U7I)XF ZDV LQFXEDWHG ZLWK D VHW RI GLIIHUHQW IXFRV\ODWHG VXEVWUDWHV RI GHILQHG VWUXFWXUH8 
UHSUHVHQWLQJDUDQJHRIIXFRVH OLQNDJHVDYDLODEOHRQKRVWJO\FRSURWHLQVDQGRQRUDOVXUIDFHV9 
)LJ7KHUHDFWLRQSURGXFWVREWDLQHGDIWHURYHUQLJKWLQFXEDWLRQZHUHDQDO\VHGXVLQJKLJK10 
S+DQLRQH[FKDQJHFKURPDWRJUDSK\ZLWKSXOVHGDPSHURPHWULFGHWHFWLRQ+3$(&ZKHUHWKH11 
UHOHDVH RI IXFRVH ZDV FRQILUPHG E\ FRPSDULVRQ ZLWK WKH UHWHQWLRQ WLPH RI WKH VWDQGDUG12 
PRQRVDFFKDULGHDQGRIDVXEVWUDWHVWDQGDUGDIWHURYHUQLJKW LQFXEDWLRQDW&7KHHQ]\PH13 
ZDV VHHQ WR EH DFWLYH RQ ERWK Į IXFRVH FRQWDLQLQJ VXEVWUDWHV IXFRV\OODFWRVH DQG +14 
WULVDFFKDULGHDQGRQWKHĮIXFRVHGLVDFFKDULGHĮ/)XFȕ'*OF1$FDOWKRXJKWKLV15 
ODWWHU UHDFWLRQ GLG QRW UHDFK FRPSOHWLRQ LQGLFDWLQJ ZHDN VSHFLILFLW\ IRU WKLV OLQNDJH 7KH16 
Į DQG Į OLQNDJHV ZHUH QRW FOHDYHG RQ IXFRV\OODFWRVH DQG WKH /HZLV $17 
WULVDFFKDULGHUHVSHFWLYHO\7KHHQ]\PHZDVDOVRLQDFWLYHRQWKHVXEVWUDWHĮ/)XFȕ'18 
*DODGGHGDVDVHFRQGGLVDFFKDULGHFRQWURO WRSURYH WKDW WKHĮDFWLYLW\ZDVQRWGXH WR19 
GLIIHUHQFHVLQVXEVWUDWHOHQJWK)LJ20 
 ,QRUGHUWRREWDLQDFFXUDWHDFWLYLW\YDOXHVRQWKHFOHDYHGVXEVWUDWHVWKH.)8&26(21 
NLW IURP0HJD]\PHZDVXVHGFRXSOHG WR WKHHQ]\PDWLF UHDFWLRQZLWK U7I)XF)LUVW)'+22 
ZKLFK DOVR KDV DQ DONDOLQH S+ RSWLPXP DQG 1$'3 ZHUH DGGHG WR WKH VXEVWUDWH VROXWLRQ23 
UHDFWLRQPL[WXUHLQRUGHUWRFRQYHUWDQ\IUHHIXFRVHDOUHDG\SUHVHQWLQWKHVDPSOHWR/IXFRQR24 
ODFWRQHE\WKHUHGXFWLRQRI1$'3WR1$'3+ε P0FPU7I)XFZDVWKHQ25 
DGGHGWRWKHPL[WXUHDQGWKHUHDFWLRQZDVPRQLWRUHGE\IROORZLQJWKHLQFUHDVHLQ$EV7KH26 
 
 
DFWLYLW\ ZDV FDOFXODWHG IURP ZKHUH WKH IRUPDWLRQ RI 1$'3+ ZDV OLQHDU RYHU WLPH 7KH1 
HQ]\PH ZDV PRVW DFWLYH RQ IXFRV\OODFWRVH DQG +WULVDFFKDULGH ZLWK VSHFLILF DFWLYLWLHV RI2 
8PJ DQG 8PJ UHVSHFWLYHO\ 7KH DFWLYLW\ RQ WKH Į GLVDFFKDULGH ZDV3 
VLJQLILFDQWO\ORZHUDW8PJ7DEOH4 
 7KH DFWLYLW\ RI WKH HQ]\PH RQ WKH YDULRXV VXEVWUDWHV FRXOG EH FDOFXODWHG5 
DSSUR[LPDWHO\DVVRPHORVVRIPDWHULDORFFXUUHGGXULQJVDPSOHSUHSDUDWLRQIURPWKH+3/&6 
H[SHULPHQWVDIWHUK LQFXEDWLRQSHULRGV UHVXOWVQRW VKRZQDQGZDV IRXQG WREHPDUNHGO\7 
ORZHU WKDQ WKDW REVHUYHG ZLWK WKH .)8&26( NLW LQGLFDWLQJ WKDW IUHH IXFRVH ZKLFK LV8 
FRQVXPHG LQ WKH ODWWHU FRXOG EH LQKLELWLQJ WKH HQ]\PDWLF DFWLYLW\ VLJQLILFDQWO\ ,Q RUGHU WR9 
GHWHUPLQH WKH H[WHQW RI VXFK DQ HIIHFW PHDVXUHPHQW RI .0 DQG 9PD[ YDOXHV ZHUH UHSHDWHG10 
ZLWKS13IXFRVHLQWKHSUHVHQFHRIHLWKHUP0/IXFRVHRU0GHR[\IXFRQRMLULP\FLQ11 
')-ZKLFK LVD VWURQJ IXFRVLGDVH LQKLELWRU7KHHQ]\PHZDVFRPSHWLWLYHO\ LQKLELWHGE\12 
ERWKIXFRVHDQG')-DVWKH9PD[UHPDLQHGODUJHO\XQDIIHFWHGEXWWKH.0YDOXHLQFUHDVHGIURP13 
P0WRP0DQGP0UHVSHFWLYHO\7DEOH14 
 )XUWKHU WKH DELOLW\ RI WKH HQ]\PH WR FOHDYH IXFRVH UHVLGXHV RII PRUH FRPSOH[15 
QDWXUDOJO\FDQVDQGWKRVHRQEUDQFKHGVXJDUUHVLGXHVZDVDVVD\HGFRPSDUHZLWK)LJ$V16 
H[SHFWHG WKH HQ]\PH ZDV XQDEOH WR FOHDYH WKH Į IXFRVH OLQNDJH RQ *DO)*DO)SHS17 
LQFOXGHG LQ WKH DVVD\V DV D WUDFH DPRXQW RI DFWLYLW\ FRXOG EH REVHUYHG ZKHQ XVLQJ 18 
IXFRV\OODFWRVHDVPHDVXUHGE\WKH.)8&26(NLW7KHHQ]\PHZDVDOVRQRWDEOHWRFOHDYH19 
WKHFRUHĮ IXFRVH OLQNDJHRQ*Q*Q)SHSQRU WKHEUDQFKHGĮOLQNHG IXFRVHRQ WKH20 
$DQWLJHQ 7KH QRQEUDQFKHG Į IXFRVH OLQNDJH SUHVHQW RQ WKH (DVWHUQ R\VWHU VXEVWUDWH21 
KRZHYHUZDVFOHDYHGRIIWKHVXEVWUDWH*DO)VHHQE\WKHORVVRIDIXFRVHUHVLGXHLQWKH0622 
VSHFWUD RI WKH VXEVWUDWH 7KH PDMRU P] JO\FDQ >0+@ ZDV DSSUR[LPDWHO\ 23 
GLJHVWHG WRDGHIXFRV\ODWHGVSHFLHVRIP]DIWHURYHUQLJKW LQFXEDWLRQZLWK WKHHQ]\PH24 
)LJ7KHHQ]\PHLVWKHUHIRUHDEOHWRFOHDYHRIIIXFRVHUHVLGXHVZKLFKDUHĮOLQNHG25 
RQPRUHFRPSOH[JO\FDQVRQO\ZKHQLQDWHUPLQDOXQEUDQFKHGSRVLWLRQDQGLVXQDEOHWRFOHDYH26 
 
 
FRUHĮIXFRVH7KLVGDWDVXSSRUWVWKDWWKHHQ]\PHDFWVDVDQĮIXFRVLGDVH1 
2 
U7I)XFDFWLYLW\RQERYLQHVXEPD[LOODU\PXFLQU7I)XFZDVLQFXEDWHGZLWKPXFLQIURP3 
ERYLQHVXEPD[LOODU\JODQGVDQGWKHUHOHDVHRIIXFRVHZDVPHDVXUHGZLWKWKH.)8&26(NLW4 
,QFXEDWLRQ ZDV SHUIRUPHG DOVR LQ FRPELQDWLRQ ZLWK U1DQ+ IURP T. forsythia DQG DFWLYLWLHV5 
ZHUHFDOFXODWHGIURPWKHVORSHRIǻ$EVZKHUHLWZDVOLQHDURYHUWLPH'XULQJWKHDVVD\HG6 
LQFXEDWLRQSHULRGRIPLQQRDFWLYLW\FRXOGEHGHWHFWHGZKHQU7I)XFZDVLQFXEDWHGDORQH7 
ZLWK PXFLQ 7KH ǻ$EV OHDG WR DQ LUUHJXODU GDWD VHW ZLWK D YHU\ ORZ U YDOXH +RZHYHU8 
IXFRVH UHOHDVH ZDV GHWHFWDEOH ZKHQ WKH LQFXEDWLRQ ZDV SHUIRUPHG LQ FRQMXQFWLRQ ZLWK WKH9 
U1DQ+ VLDOLGDVH SUHVHQWLQJ D VORZ EXW VWHDG\ LQFUHDVH LQ WKH $EV 7KH DFWLYLW\ ZDV10 
FDOFXODWHGRYHUDSHULRGRIVZKHUHWKHGDWDSRLQWVILWWHGDOLQHDUUHJUHVVLRQZLWKDQURI11 
 )LJ 7KH H[SHULPHQW ZDV UHSHDWHG VHYHUDO WLPHV DQG \LHOGHG DQ DFWLYLW\ RI 12 
P8PJU7I)XFPLJKWFOHDYHIXFRVHRIIPXFLQRYHUORQJHUSHULRGVRIWLPHEXWWKHGDWD13 
VKRZVDVLJQLILFDQWO\KLJKHUDFWLYLW\ZKHQVLDOLFDFLGUHVLGXHVDUHILUVWUHPRYHGIURPPXFLQ14 
LQGLFDWLQJ WKDW WKH IXFRVLGDVH 7I)XF FRXOG ZRUN GRZQVWUHDP IURP WKH VLDOLGDVH LQ T. 15 
forsythia DQG SUHVXPDEO\ FRRSHUDWH ZLWK RWKHU JO\FRVLGDVHV LQ WKH GHJUDGDWLRQ RI FRPSOH[16 
JO\FDQV17 
18 
&HOOXODU ORFDOL]DWLRQRI7I)XF7I)XFZDVSUHYLRXVO\UHSRUWHG WREHSUHVHQW LQ WKHRXWHU19 
PHPEUDQHIUDFWLRQRIT. forsythia,QDQHIIRUWWRLQYHVWLJDWHLWVSUHVHQFHRQWKHVXUIDFHRIT. 20 
forsythia FHOOV 7I)XFVSHFLILF SRO\FORQDO DQWLVHUXP ZDV UDLVHG DJDLQVW WKH UHFRPELQDQW21 
HQ]\PHLQPLFHDQGXVHGIRU:HVWHUQLPPXQREORWWLQJRIFHOOXODUIUDFWLRQVVHSDUDWHGE\6'622 
3$*(3URWHLQYLVXDOL]DWLRQE\&%%VWDLQLQJVKRZHGJRRGVHSDUDWLRQEHWZHHQWKHIUDFWLRQV23 
DVWKH6OD\HUEDQGVZHUHYHU\SURPLQHQWLQWKHRXWHUPHPEUDQHIUDFWLRQEXWQRWLQWKHLQQHU24 
PHPEUDQHDQGQRQPHPEUDQHDVVRFLDWHGIUDFWLRQV:HVWHUQLPPXQREORWWLQJVKRZHGWKDWDOO25 
WKH GHWHFWDEOH 7I)XF IXFRVLGDVH ZDV IRXQG LQ WKH QRQPHPEUDQH DVVRFLDWHG IUDFWLRQ26 
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FRPSULVLQJ ERWK WKH F\WRSODVPLF DQG SHULSODVPLF FRQWHQW )LJ DUJXLQJ DJDLQVW VXUIDFH1 
ORFDOL]DWLRQRIWKH7I)XFHQ]\PH2 
3 
'LVFXVVLRQ4 
5 
&RORQL]DWLRQRIWKHSHULRGRQWDOSRFNHWE\WKHSDWKRJHQLFODWHFRORQL]HUT. forsythiaGHSHQGV6 
ODUJHO\ RQ SUHH[LVWLQJ EDFWHULD WKDW KDYH DOUHDG\ WLSSHG WKH RUDO EDODQFH DZD\ IURP KHDOWK7 
DQGWRZDUGVGLVHDVH)DFWRUVVXFKDVDS+VKLIWIURPQHXWUDOWRDONDOLQHDQGVOLJKWUDLVHVLQ8 
WKHWHPSHUDWXUHGXHWRWKHKRVWLQIODPPDWRU\UHVSRQVHFRXOGEHFRQWULEXWLQJIDFWRUVIDYRXULQJ9 
WKH SURFHVV ,Q D VLWXDWLRQ RI RUDO GLVHDVH WKH QXPEHU RI GLIIHUHQW EDFWHULD OLYLQJ LQ WKH10 
JLQJLYDO FUHYLFH GHFUHDVHV PDUNHGO\ GXH WR SXWDWLYH SDWKRJHQLF EDFWHULD EHLQJ PRUH11 
FRPSHWLWLYHLQVXFKDQHQYLURQPHQW,WLVLQWKHVHFRQGLWLRQVWKDWT. forsythiaVHHPVWRWKULYH12 
DQGEHFRPHVRQHRIWKHNH\SOD\HUVLQVHYHUHFDVHVRISHULRGRQWLWLV13 
 7KH1DQ+VLDOLGDVHLQT. forsythiaKDVEHHQZHOOHVWDEOLVKHGWRSOD\LPSRUWDQWUROHV14 
LQ DGKHUHQFH WR VLDO\ODWHG JO\FRSURWHLQFRDWHG VXUIDFHV DQG HSLWKHOLDO FHOOV LQ DGGLWLRQ WR15 
WULJJHULQJELRILOPJURZWKDQGEHLQJXSUHJXODWHGLQGHQWDOSODTXH$VWKHRWKHULPSRUWDQW16 
WHUPLQDOVXJDURQKRVWJO\FRSURWHLQVLVIXFRVHKHUHZHSHUIRUPHGDQLQLWLDOFKDUDFWHUL]DWLRQ17 
RIDSXWDWLYHĮ/IXFRVLGDVHHQFRGHGLQWKHT. forsythiaJHQRPHSURGXFWRIWKHJHQHTffuc118 
SUHYLRXVO\UHSRUWHGWREHSDUWRIWKHRXWHUPHPEUDQHSURWHRPH19 
 %\SURGXFLQJ WKH HQ]\PH UHFRPELQDQWO\ LQE. coliZHZHUHDEOH WR VKRZ WKDW WKH20 
HQ]\PHLVDFWLYHDFURVVDEURDGS+UDQJHIURPKDYLQJDQXQXVXDOO\KLJKS+RSWLPXP21 
RI  ,W SUHVHQWV D XQLTXH ĮOLQNDJH VSHFLILFLW\ RQ WHUPLQDO QRQEUDQFKHG IXFRVH22 
UHVLGXHVEHLQJDOVRDFWLYHRQVPDOOQRQEUDQFKHGĮIXFRV\ODWHGVXEVWUDWHV:KLOVWERWK23 
WKHVH OLQNDJHV DUH FOHDYHG DW D FRQVLGHUDEOH UDWH LQ WKH FDVH RI VPDOO OLQHDU VXEVWUDWHV WKH24 
ĮVSHFLILFLW\LVQRWGHWHFWHGRQFRUHIXFRVHVRQPRUHFRPSOH[JO\FRSHSWLGHV7KHĮ25 
OLQNDJHVSHFLILFLW\ZDVDSSDUHQWRQERWKVPDOOOLQHDUVXEVWUDWHVVXFKDVIXFRV\OODFWRVHDQG26 
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+WULVDFFKDULGH DQG RQ PRUH FRPSOH[ JO\FDQV RQO\ ZKHQ IXFRVH RFFXSLHG D WHUPLQDO1 
SRVLWLRQ EXW QRW RQ D EUDQFKHG VXEVWUDWH ZKHUH WKH IXFRVH UHVLGXH LV OLQNHG WR D IXOO\2 
VXEVWLWXWHGVXJDU7KHHQ]\PHVHHPVWREHWRWKHEHVWRIRXUNQRZOHGJHWKHILUVWIXFRVLGDVH3 
LQLWV*+IDPLO\*+WRKDYHDVSHFLILFĮDFWLYLW\7KHEURDGKLJKS+DFWLYLW\SURILOH4 
RIWKLVIXFRVLGDVHWLHVLQZLWKLWVSK\VLRORJLFDOQLFKHZKLFKLVNQRZQWRKDYHDS+WKDWULVHVDV5 
SHULRGRQWDO GLVHDVH SURJUHVVHV 7KH SRVVHVVLRQ RI VXFK HQ]\PHV ZLWK KLJKHU DFWLYLWLHV LQ6 
DONDOLQH VXUURXQGLQJV FRXOG FRQWULEXWH WR FRPSHWLYHQHVV DQG YLUXOHQFH RI T. forsythia LQ D7 
GLVHDVHGHQYLURQPHQW8 
 'XULQJ WKH FRXUVH RI WKLV VWXG\ LW EHFDPH FOHDU WKDW RQH RI WKH LVVXHV SRVVLEO\9 
XQGHUOLQLQJRXUREVHUYDWLRQVZDVWKHHQ]\PH¶VFHOOXODUORFDOL]DWLRQ(YHQWKRXJK7I)XFZDV10 
IRXQGSUHYLRXVO\WREHSUHVHQWLQWKHRXWHUPHPEUDQHSURWHRPHRIWKHSDWKRJHQORFDOL]DWLRQ11 
RI WKH HQ]\PH RQ WKH VXUIDFH RI T. forsythia FHOOV E\ IOXRUHVFHQW LPPXQRODEHOOLQJ ZDV QRW12 
VXFFHVVIXOGDWDQRWVKRZQVHH([SHULPHQWDO3URFHGXUHVLQWKH6XSSOHPHQWDU\,QIRUPDWLRQ13 
DQG FHOO IUDFWLRQDWLRQ DOVR VKRZHG WKH GHWHFWDEOH SURWHLQ WR EH IRXQG LQ WKH QRQPHPEUDQH14 
DVVRFLDWHG IUDFWLRQ )LJ 7KLV ZRXOG EH LQ DJUHHPHQW ZLWK ELRLQIRUPDWLFV LQWHUURJDWLRQ15 
LQGLFDWLQJ WKDW ZKLOH LW KDV D 6HFGHSHQGHQW VHFUHWLRQ VLJQDO DV SUHGLFWHG E\ 6LJQDO3 16 
6HUYHULWLVQRWSUHGLFWHGWRUHVLGHLQWKHRXWHUPHPEUDQHRUEHVHFUHWHGQRUGRHVLWFRQWDLQD17 
766&WHUPLQDOVHFUHWLRQVLJQDO7KHGLIIHUHQFHLQORFDWLRQRI7I)XFEHWZHHQWKHSUHVHQW18 
VWXG\DQGWKHRXWHUPHPEUDQHSURWHRPLFVH[SHULPHQWFDQEHUHFRQFLOHGZKHQFRQVLGHULQJ19 
WKDW LQ WKH ODWWHUVWXG\FURVVFRQWDPLQDWLRQRI LQGLYLGXDOSURWHLQVEHWZHHQFHOOXODU IUDFWLRQV20 
ZDVQRWLQYHVWLJDWHG21 
 ,QFXEDWLRQRI WKH UHFRPELQDQWIXFRVLGDVHZLWKERYLQHVXEPD[LOODU\PXFLQVKRZHG22 
QRGHWHFWDEOHUHOHDVHRIIXFRVHRYHUDQLQFXEDWLRQSHULRGRIPLQ$FWLYLW\RQWKLVFRPSOH[23 
VXEVWUDWHFRXOGRQO\EHGHWHFWHGZKHQWKHLQFXEDWLRQZDVSHUIRUPHGLQFRPELQDWLRQZLWKWKH24 
UHFRPELQDQW1DQ+VLDOLGDVHIURP T. forsythia,WLVWKHUHIRUHFRQFHLYDEOHWKDW7I)XFFRXOG25 
SOD\ DQ DFFRPSDQ\LQJ UROH WR WKH VLDOLGDVH LQ WKH LQWHUDFWLRQEHWZHHQT. forsythia DQGKRVW26 
 
 
JO\FRSURWHLQV EXW JLYHQ LWV SHULSODVPLF ORFDWLRQ WKLV FRXOG PHUHO\ UHIOHFW WKH QHHG IRU1 
UHPRYDORIWHUPLQDOVLDOLFDFLGUHVLGXHVIRUWKHHQ]\PHWRZRUNHLWKHULQGLFDWLQJWKDWLWPRVW2 
OLNHO\DFWVRQLQWHUQDOLVHGIXFRV\OVXEVWUDWHVDIWHUVLDOLFDFLGKDVDOUHDG\EHHQUHPRYHGE\WKH3 
DFWLRQRIVLDOLGDVHVRUOHVVOLNHO\WKDWLWDFWVLQFRQFHUWZLWKVLDOLGDVHVH[WHUQDOO\4 
 7KLV QRWLRQ WKDW WKH T. forsythia IXFRVLGDVH 7I)XF SOD\V DQ LQWHUQDO UROH ZDV5 
FRUURERUDWHGZKHQZHWHVWHGWKHHIIHFWRIWKH∆Tffuc1PXWDWLRQRQWKHDELOLW\RIT. forsythiaWR6 
LQWHUDFWZLWKDQGLQYDGHKXPDQRUDOHSLWKHOLDOFHOOVXVLQJDQDQWLELRWLFSURWHFWLRQDVVD\RQWKH7 
RUDO HSLWKHOLDO FHOO OLQH + :H IRXQG QR VLJQLILFDQW GLIIHUHQFHV LQ WKH DELOLW\ RI WKH8 
∆Tffuc1 WRLQYDGHWKHVHKXPDQFHOOVDVFRPSDUHGWRWKH:7VWUDLQ)LJ6 LQGLFDWLQJWKDW9 
7I)XFKDVQRHIIHFWRQHSLWKHOLDOFHOOLQYDVLRQXQGHU WKHFRQGLWLRQV WHVWHG ,QDGGLWLRQ WKH10 
PXWDQW GLG QRW VKRZ KLQGHUHG ELRILOP IRUPDWLRQ ZKHQ FXOWXUHG RQ ERYLQH VXEPD[LOODU\11 
PXFLQFRQWUDU\WRWKHT. forsythiaNanHVLDOLGDVH PXWDQWEXWVKRZHGDVOLJKWO\LQFUHDVHG12 
ELRILOPIRUPDWLRQ)LJ613 
 2XU GDWD VXSSRUWV WKH LGHD RI D SHULSODVPLF IXFRVLGDVH LQYROYHG LQ WKH ILQDO14 
EUHDNGRZQ RI VPDOO VXEVWUDWHV WKDW KDYH EHHQ LQWHUQDOL]HG SRVVLEO\ RZLQJ WR WKH DFWLRQ RI15 
H[RJO\FRVLGDVHVDQGHQGRJO\FRVLGDVHVZKLFKEUHDNGRZQODUJHUJO\FDQVRQWKHRXWVLGHRIWKH16 
FHOO7I)XFZRXOGSRVVLEO\WKHQEHDEOHWRH[HUWLWVIXOOSRWHQWLDOIUHHLQJERWKĮDQG17 
Į IXFRVHV RQ VPDOO OLQHDU VXEVWUDWHV 7KHVH ILQGLQJV DUH DOVR LQ DJUHHPHQW ZLWK WKH18 
K\SRWKHVLV WKDW WKHIXFRVLGDVHDFWVGRZQVWUHDPRIWKHVLDOLGDVHVZKLFKKDYHEHHQVKRZQWR19 
DFW RQ ZKROH JO\FRSURWHLQV RQ EDFWHULDO DQG KRVW VXUIDFHV   7KH VLDOLF DFLG ZRXOG20 
WKHUHIRUHDOUHDG\EHPLVVLQJDVVPDOOHUSDUWVRIWKHJO\FDQDUHWUDQVSRUWHGLQVLGHWKHFHOO21 
 T. forsythia KDV QR VWUDLJKWIRUZDUGO\ LGHQWLILDEOH IXFRVH FDWDEROLVP ORFXV LQ LWV22 
JHQRPH QRU GRHV LW KDYH WKH ELIXQFWLRQDO /IXFRNLQDVH*'3IXFRVH S\URSKRVSKRU\ODVH23 
UHTXLUHGQRUPDOO\IRUBacteroidetesWRUHF\FOHWKHIXFRVHLQWRLWVJO\FDQV,QDQHIIRUWWRVHH24 
WKHHIIHFWRQWKHODWWHUVFHQDULRWKHIXFRVHFRQWDLQLQJ6OD\HUJO\FDQIURPERWKWKH:7DQG25 
WKH∆Tffuc1VWUDLQVZHUHFRPSDUHGE\/&(6,06ZLWKQRREYLRXVFKDQJHXQGHUWKHJURZWK26 
 
 
FRQGLWLRQV XVHG =$ 0HJVRQ / 1HXPDQQ ) $OWPDQQ & 6FKlIIHU XQSXEOLVKHG GDWD1 
+RZHYHUWKHPLFURKHWHURJHQHLW\RIWKH6OD\HUJO\FDQUHJDUGLQJWKHWHUPLQDOIXFRVHUHVLGXH2 
FRPSOLFDWHV LQWHUSUHWDWLRQ RI 06 GDWD 7KHUHIRUH LW UHPDLQV XQFOHDU ZKHWKHU WKH UHOHDVHG3 
IXFRVHLQWKHSHULSODVPFDQEHXVHGDVDQXWULHQWVRXUFHRULVUHF\FOHGE\WKHEDFWHULDLQWRLWV4 
JO\FRV\ODWLRQSDWKZD\DQGWKXVLVVXEMHFWRIIXUWKHUVWXGLHV5 
6 
2YHUDOORXUGDWDVXJJHVWWKDW7I)XFLVDXQLTXHĮ/IXFRVLGDVHZKLFKFRXOGSRWHQWLDOO\7 
FRQWULEXWHWRIXFRVHXWLOL]DWLRQLQT. forsythia,QRUGHUWREHWWHUHOXFLGDWHWKLVUROHDQGUXOHRXW8 
DQ\UHGXQGDQF\LQWKHV\VWHP WZRIXUWKHUDQQRWDWHGIXFRVLGDVHVLQT. forsythia%)2B9 
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Supplementary Information 
 
Experimental Procedures 
 
Attachment and invasion assays. The H357 oral epithelial cell line (CCL17; American Type 
&XOWXUH&ROOHFWLRQZDVPDLQWDLQHGLQ'XOEHFFR¶VPRGLILHG(DJOHPHGLXP'0(0*LEFR
supplemented with 10% fetal bovine serum and L-glutamine. The cultures were incubated at 
37°C under 5% CO2. H357 cells were grown to near-confluence (90 to 95%) for the assays.  
 For both attachment and invasion assays, T. forsythia :7DQGǻTffuc1 strains were 
incubated with H357 cells at a multiplicity of infection of 100, as described previously.1 
Briefly, for attachment assays, epithelial cell monolayers incubated with bacteria for 1.5 h 
were washed three times with sterile PBS, epithelial cell-associated bacteria were retrieved by 
lysing monolayers by addition of distilled water before physical disruption by scraping, and 
bacteria were plated for counting. For invasion assays, epithelial cell monolayers incubated 
with bacteria were washed with DMEM and then treated with metronidazole (200 µg/ml) for 
1 h to kill external bacteria. The monolayers were then washed with PBS and were lysed as 
above to allow intracellular bacteria counting. 
 
Microtiter assays of Hoechst-stained biofilms. Tannerella forsythia WT and ǻTffuc1 
biofilms were grown essentially as previously described in both full-strength and half-strength 
liquid BHI medium.2 Before starting the bacterial cell culture, a 0.5-mg/ml solution of mucin 
from bovine submaxillary gland (Sigma) was prepared in 0.1 M sodium citrate buffer, pH 4.5, 
containing 0.1 M NaCl, added to non-treated polystyrene 24 well-plates (500 µl/well; Thermo 
Scientific) and incubated overnight at 37°C. On the next day, the mucin solution was removed 
completely and strains were inoculated at an OD600 ~0.05 in full-strength BHI medium 
supplemented with horse serum and N-acetylmuramic acid or in medium diluted 1:2 with 
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phosphate-buffered saline (PBS), yielding half-strength medium. In both cases, the medium 
was also supplemented with gentamycin (50 µg/ml) and gentamycin/erythromycin (50 µg/ml, 
10 µg/ml) for WT and ǻTffuc1, respectively. Triplicates were made for each condition and a 
fourth well served for measurement of total growth (OD600). The plates were incubated 
anaerobically for 48 h at 37°C; subsequently, the supernatant was removed and the biofilm 
was washed once with 800 µl PBS before adding 1 ml/well of 10 µg/ml Hoechst 33258 
Fluorescent Stain (Thermo Scientific) in PBS.3 The biofilm was then removed from the 
bottom of the well using vigorous pipetting and the plates were left in the dark on a shaker for 
45 min. 100 µl from each well was placed in a black 96-well-plate with a flat optical bottom 
(Thermo Scientific) for fluorescence intensity readings using excitation/emission filters of 
360(35)/485(20) in an Infinite 200 plate reader (TECAN). The fluorescence intensity was 
corrected by the total OD600 reached by each strain. 
 
Immunofluorescence microscopy of T. forsythia cells using TfFuc1-specific polyclonal 
antiserum. The surface localization of TfFuc1 was investigated by immunofluorescence 
staining of T. forsythia WT as described elsewhere.4 
 Cells were grown until the late-exponential phase (OD600 ~1.0), washed with PBS 
and adsorbed on a glass slide for 2 h. All procedures were performed at 22°C, if not stated 
otherwise. Cells were washed twice with PBS and fixed for 30 min at -20°C in 70% (v/v) 
ethanol in PBS. After two washing steps with PBS, cells were incubated in blocking buffer 
[10%, (w/v) bovine serum albumin (Sigma) in PBS] for 1 h, followed by incubation in 
blocking buffer containing TfFuc1-specific polyclonal antiserum or pre-immune serum (1:10-
dilution) for 1 h, washed once with blocking buffer and twice with PBS, and subsequently 
incubated in blocking buffer containing goat anti-mouse IgG (1:100) conjugated to FITC 
(Sigma-Aldrich) for 2 h. The cells were washed once with blocking buffer and twice with 
PBS to remove unbound antibodies. One drop of 50% (v/v) glycerol in PBS was added onto 
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the cells and a coverslip was mounted. Confocal laser scanning microscopy analysis was 
performed using a Leica TCS SP5 II system. Images were taken with a 63.0 x 1.40 oil-
immersion objective. Immunofluorescence-stained bacterial cells were excited at 488 nm 
using an argon laser and detected at an emission bandwidth of 500-595 nm. Images were 
acquired and processed with Leica LAS AF software. 
 
Results and Discussion 
 
Attachment and invasion assays. The effect of the Tffuc1 mutation on the ability of T. 
forsythia to interact with and invade human oral epithelial cells was tested using an antibiotic 
protection assay on the oral epithelial cell line H357. Results are shown as percentage of the 
bacterial cells recovered compared to a viability control run in parallel during the course of 
the whole experiment. 
The data shows no significant difference in invasion between WT and 'fuc strains 
(Fig. S1). In addition, we compared the ability of the strains to attach to the epithelial cell line 
and again, no significant difference could be highlighted between the two (not shown), thus, 
indicating that TfFuc1 most likely does not play a role in direct human-pathogen interactions. 
 
Microtiter assays of Hoechst-stained biofilms. T. forsythia WT and the 'Tffuc1 mutant 
were cultured anaerobically for 2 d in full-strength and half-strength medium in 24-well 
microtiter plates coated with mucin,2 which is needed to promote biofilm formation as the 
presence of terminal sialic acid is an important factor allowing for T. forsythia surface 
attachment and biofilm growth.5 Biofilm formation was evaluated by measuring the 
fluorescence intensity of the Hoechst-stained biofilm (Fig. S2A). As the different strains 
presented a different growth in the different conditions tested, the fluorescence intensity was 
corrected by the total OD600 reached in each experiment. 
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 The WT strain increased its biofilm formation 1.4-fold as the strength of the 
medium was decreased to half by diluting with PBS. This indicates that biofilm formation is 
quite sensitive to changes of the medium strength, potentially indicating a degree of starvation 
(Fig. S2A). 
 In all experiments, the ǻTffuc1 had a higher biofilm formation phenotype than the 
WT strain, but how large the difference was depended largely on the strength of the growth 
medium. In full-strength BHI medium, the increased biofilm formation for the ǻfuc mutant 
was 1.2-fold that of the WT. In the case of half-strength medium, the difference became more 
prominent as ǻfuc presented a 1.5-fold increase (Fig. S2B). These results could indirectly 
indicate a difference between the strains in their ability to utilize and scavenge components in 
the medium but it is currently not clear whether the observed phenotype reflects solely the 
loss of Tffuc1 as no gene complementation assay was performed. We, therefore, conclude that 
the loss of the gene Tffuc1 does not lead to a decreased biofilm formation indicating no direct 
role of the protein in the interaction of T. forsythia with the mucin-coated surface. 
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Figure S1. Cell invasion assays. The effect of the Tffuc1 mutation on the ability of T. 
forsythia to interact and invade human oral epithelial cells was tested on the oral epithelial 
cell line H357. The combined results from three experimental repeats are shown as a 
percentage of the bacterial cells recovered compared to a viability control. W, T. forsythia 
wild-type; F, T. forsythia 'Tffuc1.  
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Figure S2. Microtiter assays of Hoechst-stained biofilms. A. The WT strain increased its 
biofilm formation on a mucin-coated surface as the strength of the medium was decreased to 
half that of the original broth. B. The difference in biofilm formation between the WT and the 
ǻTffuc1 depends largely on the strength of the medium. W, T. forsythia wild-type; F, 
T. forsythia 'Tffuc1. 


